Silicotungstenic acid (STA)-containing mesoporous materials were directly synthesized in a nonaqueous medium by sol-gel method. X-ray powder diffraction showed that both as-synthesized and calcined materials possess mesoporous structure. STA contents in extraction solutions were analyzed with inductively coupled plasma. When STA/silica ratio changed from 1:100 to 1:4, the immobilization of STA is lower than 70%. However, when the STA/silica ratio reached 1:1 or higher, STA species was totally incorporated within surface area greater than 80 square meter per gram.
The conventional heteropoly acids (HPAs) are complex proton acids that incorporate polyoxometalate anions (heteropolyanions) having metal-oxygen octahedra as the basic structural units. Because HPAs have several advantages as catalysts that make them economically and environmentally attractive, catalysis by HPAs and the related polyoxometalate compounds is a field of increasing importance. Actually, HPAs in solution not only show stronger acid strength than the usual mineral acids such as H 2 SO 4 , HCl, HNO 3 , etc., but also lack side reactions such as sulfonation, chlorination, nitration, etc., which frequently occur with mineral acid catalysis. 1 Therefore, HPAs have been applied to catalyze a wide variety of reactions in homogeneous liquid phase offering strong options for more efficient and cleaner processing in comparison with conventional mineral acids. [1] [2] [3] [4] [5] Because HPAs are easily to dissolve in many polar solvents such as H 2 O, CH 3 OH, C 2 H 5 OH, Me 2 CO, CH 3 CN, (C 2 H 5 2 O, and so on, when they are used in a biphasic system comprising two immiscible liquid phases-a catalyst phase and a product/reactant phases-with intense mass transfer between them.
6-7 the separation problem can be successfully avoided. However, if HPAs are physically loaded in some solid supports, they will escape from the supports when washed by above polar solvents, which makes the catalysts difficult to reuse or regenerate. Therefore, to chemically tether or encapsulate HPAs in * Author to whom correspondence should be addressed.
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solid supports is of very special importance and this kind of HPAs can be called "solvent-tolerant catalysis." Since basic solids like MgO tend to decompose HPA, 3 acidic or neutral substances such as SiO 2 , 8 active carbon, 9-10 acidic ion-exchange resin, 11 etc., are suitable as supports. The most often used is SiO 2 . Incorporation of HPAs into zeolite pores to obtain shape-selective catalysts has long been a challenge. However, conventional zeolites are not suitable for this because their pores (≤7 Å) are too small to adsorb large HPAs (∼10 Å). With the emergence of mesoporous molecular sieves materials, 12 they have been attracting great interests from scientists, HPAs supported mesoporous materials have also been paid much attention. 49-50 54-69 We have previously successively synthesized tungstophosphoric acid (H 3 PW 12 O 40 , TPA)-containing SBA-15 in non-aqueous medium at room temperature. 58 69 In contrary to that the supported TPA polyanion can be extracted by acetonitrile, about 70% of the added TPA species can be effectively tethered in the prepared TPA-containing mesoporous materials after extracted with hot water and refluxed in acetonitrile for 3 h, strongly supporting the incorporation of TPA species in the framework. Because there is an appreciable energy penalty for the formation of [Si-O-P] bridges inside the solid phase of molecular sieves frameworks, 69 we suggested that the incorporated TPA species may exist in Si-O-P terminal linkage state both at surface and inside the framework.
In this paper, we further investigate the direct synthesis of silicotungstenic acid (H 4 SiW 12 O 40 , STA)-containing mesoporous materials, i.e., STA-containing SBA-15 mesoporous materials (STAMM) in non-aqueous medium at room temperature and it was found that the added STA can be totally incorporated in the obtained STA-containing SBA-15 sample.
STAMMs were prepared in non-aqueous medium at room temperature following the procedure reported previously, 58 69 except that STA (Aldrich) was applied in place of TPA. The amount of STA was adjusted to obtain STAMM samples with different STA/SiO 2 ratios (1:100-2:1 in weight). After stirring for 0.5 h, the resulting solution was aged in an open Petri dish at ambient temperature in air for 3 days to allow the TEOS and STA precursors to slowly hydrolyze and polymerise into framework. The as-synthesized samples were calcined at 683 K for 6 h in air to remove the template. The obtained samples were named as TPAMM(1:100) TPAMM(2:1). The sample without STA was called SMM. To make it sure that the STA species in the samples possessing STA chemically fixed in the frameworks of the calcined samples, the above calcined samples were extracted with hot water (373 K, 3 h) and then dried at 383 K for 2 h. The TPA contents in extraction solutions were analyzed with Inductively Coupled Plasma (ICP) technique to determine the extracted TPA contents.
Small angle X-ray powder diffraction (XRD) patterns were taken on a Bruker Small-Angle X-Ray Scattering (SAXS) with General Area Detector Diffraction (GADDS) using Cu K radiation at a step 0.01 . The N 2 adsorption and desorption isotherms at 77 K were measured using a Micromeritics ASAP 2010 system and the data were analyzed by the BJH (Barrett-Joyner-Halenda) method using the Halsey equation for multilayer thickness. The pore size distribution curves were calculated from the analysis of the desorption branches of the isotherms. The pore volume were taken at P /P 0 = 0 97 single point. The ICP analysis was carried out using a Shimadzu ICPS-1000IV instrument. All samples were analyzed three times and averaged.
Small angle XRD patterns showed that all the assynthesized and calcined STAMM samples possess mesoporous structure. Shown in Figure 1 , for example, is the XRD patterns of STAMM(2:1) before and after calcination. Both the as-synthesized (Fig. 1(A) ) and calcined ( Fig. 1(B) ) samples display a strong (100) diffraction peak at 2 ∼ 2 0 , i.e., 2.0 for the former and 2.1 for the latter, respectively. After calcination, the strong peak slightly shifts towards high 2 direction. N 2 adsorption-desorption isotherms and pore size distribution of all calcianed samples were checked and it was found that all samples possess relatively regular mesoporous channels despite the incorporation of STA. Take STAMM(2:1) for example, the N 2 adsorptiondesorption isotherms and pore size distribution of the calcined STAMM(2:1) sample were shown in Figures 2 and 3 . In Figure 2 , A H1-type hysteresis loop was clearly displayed at relative pressure ∼0.40, suggesting that relatively Figure 3 , the pore size of the calcined STAMM(2:1) is about 55.5 Å. All the above data are listed in Table I .
To investigate the incorporation of STA species in the framework of obtained samples, a hot water extraction was performed for the calcined samples. As shown in Table I , after water extraction at 100 C for 3 h, tungstenic species in extraction solutions (ES) changed depending on the total STA contents in starting synthesis systems. For the samples with a STA/SiO 2 ratio falling into the range from 1:100 to 1:4, the tungstenic species was partially detected in the extraction solutions. However, it was surprisedly found that when the STA/silica ratio reached 1:1 or greater than 1:1, STA species was almost totally incorporated in the samples with surface area greater than 80 square meter per gram. From the viewpoint of materials or catalysis, this should be very interesting. Which should lead to the development of some new mesoporous hybrid materials or novel mesoporous catalysts with heteropoly acids as one of the starting materials. In summary, we have prepared silicotungstenic acid (STA)-containing mesoporous materials directly in a nonaqueous medium by sol-gel method and the STA species can be totally incorporated in the samples when the STA/silica ratio reached ≥1:1. The characterization of the materials, especially the state of the STA species in both the as-synthesized and calcined samples, the formation mechanism of the samples, the catalysis or other features of the samples are been investigated in detail. a Tungstenic species in extraction solutions (ES)/total tungstenic species in starting synthesis systems (wt%).
